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1. Introduction
   Phytochemicals have been of great interest as a source of 
natural antioxidants used for food flavouring, food preservation, 
health promotion and cosmetics since they are environmentally 
more friendly and safer for consumption than their synthetic 
counterparts[1]. Plants are known for their health protective 
effect mostly due to their phenolic components which have 
strong antioxidant activity against the reactive oxygen 
species. Reactive oxygen species induce oxidative damage 
to biomolecules like nucleic acids, lipids, proteins and 
carbohydrates. This damage leads to many diseases such as 
cancer, rheumatism, cirrhosis, arteriosclerosis and diabetes[1]. 
   Lipoxygenases are the key enzymes in the biosynthesis 
of leukotrienes which play an important role in several 
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antioxidant and lipoxygenase inhibitory effects than their glycosides. Lignoid glycosides showed 
moderate to weak antioxidant and lipoxygenase inhibitory effects. 
Conclusions: A total of 14 compounds were isolated and identified from Simmondsia chinensis; 
12 of them were isolated for the first time. This is the first report that highlights deeply on the 
phenolic content of jojoba and their potential biological activities and shows the importance of 
this plant as a good source of phenolics in particular the flavonoid content.
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inflammatory diseases such as cancer, arthritis, asthma and 
allergic diseases. Therefore, lipoxygenase inhibitors may be of 
many medicinal benefits in prevention of these inflammatory 
cases[2].
  Jojoba [Simmondsia chinensis (Link) C. Schneider (S. 
chinensis), family Simmondsiaceae], (Syn. Buxus chinensis Link; 
Simmondsia californica Nutt.), is known as coffee berry, wild 
hazel and goat nut[3]. It is a woody, evergreen perennial shrub, 
reaching about 3 m in height. It is a dioecious plant, growing 
in desert and semi-desert areas, native to Southwestern USA 
and Northwestern Mexico. Cultivation of jojoba has been 
established in several countries predominantly in Argentina, 
Peru, Australia, Israel, Palestinian Authority and Egypt due 
to its high economic value. It has been introduced to Egypt 
in 1991 and cultivated by seeds from USA[4]. Jojoba is used by 
Native Americans for widespread medicinal purposes and is 
a folk remedy for cancer, cold, dysuria, obesity, parturition, 
sore throat warts and wounds[5,6]. Jojoba is well known for 
its seed oil (liquid wax esters) which mainly composed of 
straight chain monoesters in the range of C40-C44[7]. Jojoba 
oil is used in cosmetics in a number of skin care products, 
mainly as a moisturizer, as well as in hair conditioners and as 
lubricant[8]. Research studies suggest that the seed oil has an 
anti-inflammatory effect[9], antioxidant[10] and promote wound 
healing properties and can be used as a remedy, mainly for skin 
disorders[6]. 
   The meal (the seed plant material after removing of 
the oil) is rich in protein 29%-30% in addition to group 
of cyanogenic glycosides (cyanomethylenecyclohexyl 
glycosides), simmondsin and it’s derivatives, simmondsin-2’-
ferulate, demethylsimmondsin, didemethylsimmondsin, 4,5-
didemethyl-4-O-α-D-glucopyranosyl simmonsin[11-14]. These 
toxicants could be removed and the meal could be used as 
livestock feed ingredient[15]. Simmondsins have insecticidal, 
antifeedant and antifungal activities[16].  
   Furthermore, some carbohydrates were isolated and identified 
from jojoba meal as 4-β-galactobiose, 4-β-galactotriose, 
1D-2-O-α-D-galactopyranosyl-chiro-inositol, D-pinitol, 
galactinol, sucrose, 5-α-D-galactopyranosyl-D-pinitol and 
2-α-D-galactopyranosyl-D-pinitol[12].
   In the course of our ongoing research activities toward the 
isolation of antioxidants and lipoxygenase inhibitors from 
plants growing in Egypt either wild or cultivated, we had 
the opportunity to work on the leaf of S. chinensis. Through 
phytochemical investigation of jojoba extracts, few research 
works were reported and only few flavonoids were isolated 
from jojoba pericarp. These flavonoids include quercetin 3,3’-
dimethyl ether, isokaempferide and quercetin 3-methylether[17]. 
For jojoba leaf, there are very few hits describing the leaf extract 
activity[18], and this is the first study investigating in details the 
chemistry of the constituents as well as their potential biological 
activities.
   The aim of the present study was to assess the antioxidant and 
lipoxygenase inhibition activities of the phenolic compounds 
isolated by bioassay-guided fractionation using the 1,1-
diphenyl-2-picrylhydrazyl (DPPH*) assay from the leaf extract of 
S. chinensis. The data provide evidence for the utilization of S. 
chinensis as a rich bioactive source of natural antioxidants.
2. Materials and methods
2.1. Apparatus and chemicals
   UV spectra were obtained on a Cary 50 spectrophotometer. 
NMR spectra were obtained on a Bruker Avance DRX600 
spectrometer or a Bruker Avance DRX400 spectrometer. HRESIMS 
measurements were obtained on a Bruker micro TOF mass 
spectrometer. Column chromatography was performed using 
a silica gel (Kieselgel 60 Å, 40-63 µm mesh size, Fluorochem, 
UK), resin HP-20 (Diaion, Japan), ODS-A (YMC) and size 
exclusion chromatography (Sephadex LH-20, 25-100 mm mesh 
size, SIGMA, Germany). Thin layer chromatography (TLC) was 
done using pre-coated silica gel 60 F254 (0.25 mm, ALUGRAM® 
SIL G/UV254, Macherey-Nagel, Germany) and RP-18 F254S plates 
(0.25 mm, Merck, Germany). Reversed phase high performance 
liquid chromatography (HPLC) were carried out using an Agilent 
Chromatorex Zorbax SB C18 (5 µm) semi-preparative column 
(9.4 mm伊 250 mm) and an Agilent Chromatorex Eclipse XDB 
C3 (5 µm) semi-preparative column (9.4 mm伊 250 mm) on an 
Agilent 1200 Series separations module equipped with Agilent 
1200 Series diode array and/or multiple wavelength detectors, 
controlled using ChemStation Rev.9.03A and Purify version 
A.1.2 software. All flash chromatography was performed on 
Sepacore Flash Chromatography System (Buchi Labortechnik 
AG, Netherlands). β-carotene, and DPPH were purchased 
from Sigma-Aldrich Chemical Co. (St. Louis, USA). Butylated 
hydroxytoluene (BHT) was obtained from Aldrich Chemical Co., 
Gillingham, Dorset, UK. D-glucose, L-rhamnose, L-arabinose 
and D-galactose were obtained from El-Nasr Pharmaceutical 
and Chemical Co., Egypt (Adwic) and Sigma Aldrich Chemicals. 
Soybean Lipoxygenase (1.13.11.12) type I-B and linoleic acid 
were purchased from Sigma (St. Louis, MO, USA).
2.2. Plant material
  The leaves were collected in June 2009 from organically 
cultivated plant, Wadi-Assiut, Assiut, Egypt and authenticated 
by Prof. Dr. Abdel-Aziz Fayed, professor of plant taxonomy, 
Botany Dept., Faculty of Science Assiut. A voucher specimen 
was deposited in Pharmacognosy Department Herbarium (No. 
2009SC), Faculty of Pharmacy Assiut University, Assiut, Egypt.
2.3. Extraction and isolation
   A total of 500 g of the air-dried powdered leaves were 
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extracted by maceration (48 h伊3) and percolation with 70% ethyl 
alcohol (EtOH) till complete exhaustion (3L伊3). The alcoholic 
extract was concentrated and the solvent free residue (47 g, 
9.4%) was mixed with 500 mL of distilled H2O, and subjected to 
successive solvent fractionation with n-hexane, chloroform, 
ethyl acetate and water till complete exhaustion in each case 
to give hexane fraction (21 g), chloroform fraction (4 g), ethyl 
acetate fraction (6 g) and aqueous fraction (14 g). The chloroform 
and ethyl acetate fractions were subjected to normal silica gel 
column using CHCl3-MeOH mixtures in a manner of increasing 
polarities. Each fraction of 50 mL was collected and monitored 
on TLC (silica gel) using CHCl3-MeOH (90:10) and CHCl3-MeOH-
H2O [(80:20:2) and (70:30:3)] as solvent systems and 20% v/v H2SO4 
in EtOH and/or 0.2% DPPH in MeOH as spraying agents. Similar 
fractions on TLC were combined and subjected to HPLC (Agilent 
Chromatorex Zorbax SB C18, 5 µm, 9.4 mm伊250 mm) using a 
gradient of 5%-100% CH3CN-H2O over 45 min to give three 
compounds from chloroform fraction; (1) (23.8 mg), (2) (11.4 mg), 
(3) (6.5 mg); and three compounds from ethyl acetate (4) (13.6 mg), 
(5) (32.4 mg) and (6) (18.2 mg). 
   The aqueous fraction (14 g) was subjected to Diaion-HP20 
column chromatography using H2O and MeOH (5 L each). The 
methanolic elute was concentrated under reduced pressure to 
yield a fraction (10.6 g). The methanolic fraction was subjected to 
flash chromatography on silica gel column using CHCl3-MeOH 
mixtures in a manner of increasing polarities. Ninety fractions 
(20 mL each) were collected and monitored on TLC (silica gel) 
using CHCl3-MeOH-H2O [(80:20:2), (70:30:3) and (55:40:5)] as well 
as on RP-C18 using H2O-MeOH [(70:30), (50:50) and (30:70)] as 
solvent systems and 20% v/v H2SO4 in EtOH and/or 0.2% DPPH in 
MeOH as spraying reagents. 
   Similar fractions on TLC were combined to yield nine 
groups. Group 2, 4, 5 and 6 were subjected to gel filtration 
chromatography using a Sephadex LH-20 column with CHCl3-
MeOH (1:1) followed by HPLC (Agilent Chromatorex Eclipse XDB 
C3, 5 µm, 9.4 mm伊250 mm) using a gradient of 5%-80% CH3CN-
H2O over 40 min to give eight compounds. Identified compounds 
are (7) (19.1 mg), (8) (26.3 mg) from group 2; (9) (20.8 mg) and (10) 
(16.5 mg) from group 4; (11) (7.5 mg), (12) (12.3 mg) from group 5; 
and finally (13) (14.8 mg) and (14) (24.7 mg) from group 6.
2.4. Acid hydrolysis of isolated flavonoid glycosides 
   Isolated flavonoid glycosides (3 mg) were refluxed in 2 
mol/L HCl (5 mL) for 2 h. After cooling, the reaction mixture 
was extracted with Et2O (2 mL伊3). The ethyl acetate fraction 
containing aglycone and the aqueous fraction containing 
sugars units were concentrated to dryness. The aglycones were 
identified by co-TLC with authentic samples, while sugars were 
identified by comparison with standards using descending 
paper chromatography, with BuOH: AcOH: H2O (4:1:5) as the 
mobile phase, the spots were detected by spraying with aniline 
phthalate followed by heating at 110 °C[19].
2.5. Acid hydrolysis of isolated lignan glycosides 
   A solution of  lignan glycosides (each 3 mg) in MeOH (5 mL) 
containing 1 mol/L HCl (4 mL) was refluxed for 4 h, concentrated 
under reduced pressure, and diluted with H2O (8 mL). The 
solution was extracted with EtOAc to obtain the aglycone, 
while the glycone was obtained from the aqueous part after 
concentration. In all the cases the glycone could be identified 
as D-glucose by paper chromatography using BuOH: AcOH: 
H2O (4:1:5) as mobile phase and aniline phthalate as spraying 
agent with heating at 110 °C[20].
2.6. Antioxidant activity
2.6.1. β-carotene bleaching method 
   Spectrophotometric assay according to the method of Lelono 
et al.[21] and Duymuş et al.[22] was carried out for quantitative 
determination. The β-carotene (0.2 mg), linoleic acid (20 mg) 
and Tween 20 (200 mg) were mixed in 0.5 mL of chloroform. 
The solvent was subsequently removed at 40 °C in a vacuum 
evaporator and the mixture was diluted with 50 mL of triply 
distilled, oxygenated water. Aliquots (4 mL) of this emulsion 
were transferred into test tubes, to which were then added with 
0.2 mL aliquots of test samples in ethanol. BHT was used for 
comparative purposes. A control containing 0.2 mL of ethanol 
and 4 mL of above emulsion was also prepared. The test tubes 
were covered with aluminium foil and placed in a water bath at 
50 °C. Absorbances for all samples at 470 nm were recorded at 
zero time (t=0 min). Measurement of absorbance was continued 
until the colour of β-carotene disappeared in the control 
reaction (t=180 min) at 15 min intervals. The above mixture 
without β-carotene served as blank. All determinations were 
carried out in triplicate. Antioxidant activity was expressed 
as percentage inhibition relative to the control using the 
equation[21,22]: 
 AA(%)=100 [1-(A0-At)/(A0
0
-At
0
)]
   Where AA is the antioxidant activity, A0 and A0
0 are the 
absorbance values measured at zero time of incubation for 
the test sample and control respectively. At and At
0 are the 
corresponding values at the end of the reaction time (180 min). 
2.6.2. DPPH radical scavenging assay
   Firstly, radical scavenging activity of the isolated compounds 
against stable DPPH* was performed with a rapid TLC screening 
method using 0.2% DPPH in MeOH. About 30 min after spraying, 
the active compounds appeared as yellow spots against purple 
background.
   In a second experiment, spectrophotometric assay was 
carried out according to the method of Abdel-Mageed[23]. 
Briefly, 2.0 mL of a wide range of concentrations (2.5-120 µmol/
L) of test sample (in MeOH) was added to 2.0 mL of 100 µmol/
L of methanolic solution of DPPH. The mixture was vortexed 
for 1 min and then left to stand at room temperature for 30 min 
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in dark. When DPPH• reacts with an antioxidant compound, it 
changes its colour from deep-violet to light-yellow which is 
measured at 517 nm on a UV/visible light spectrophotometer. 
Absorption of blank sample containing the same amount of 
MeOH without sample and DPPH solution was prepared and 
measured daily. The experiment was carried out in triplicate, 
using BHT as a positive control. The percentage reduction of the 
DPPH, Q, referred to inhibition or quenching was calculated by 
the following formula[24- 27]:
Q (% inhibition)=[(AB-AA)/AB]伊100
   Where AB is absorption of blank sample (t=0 min); AA is 
absorption of tested extract solution (t=30 min).
2.7. Lipoxygenase inhibition assay 
   Lipoxygenase-inhibiting activity was conveniently measured 
by slight modification of the spectrometric method developed by 
Tappel[23]. The reaction mixture containing 160 µL of 100 mmol/
L sodium phosphate buffer (pH 8.0), 10 µL of test compound 
solution and 20 µL of lipoxygenase solution was mixed and 
incubated for 10 min at 25 °C. The reaction was then initiated 
by the addition of 10 µL linoleic acid (substrate) solution, with 
the formation of (9Z, 11E)-(13S)-13-hydroperoxyoctadeca- 9,11-
dienoate. The change of absorbance at 234 nm was followed 
for 6 min. Test compounds and the control were dissolved 
in methanol. All the reactions were performed in triplicate 
in 96-well micro-plate in SpectraMax Plus 384 (Molecular 
Devices, USA). The IC50 values were then calculated using the 
EZ-Fit Enzyme kinetics program (Perrella Scientific Inc., 
Amherst, USA). The percentage (%) inhibition was calculated 
as follows; (E-S)/E-100, where E is the activity of the enzyme 
without test compound and S is the activity of enzyme with test 
compound[23].
3. Results 
   The phytochemical investigation for the leaf extract guided by 
the antioxidant assay using DPPH method[24,25] lead to isolation 
and identification of group of phenolic compounds including 
quercetin and isorhamnetin type flavonoids in free aglycone 
and glycoside forms as well as lignoid glycosides.
   Chromatographic fractionation of the chloroform, ethyl 
acetate and aqueous fractions, and active DPPH fractions using 
a combination of flash, gel filtration and HPLC guided by the 
antioxidant assay with β-carotene afforded ten flavonoids and 
four lignans. Their structures were elucidated by extensive 
1D, 2D nuclear magnetic resonance analysis, accurate mass 
measurements and by comparing with the reported data.
   The ten known flavonoids were identified as quercetin 3’-
methyl ether (isorhamnetin) (1)[28], quercetin 3-methylether 
(2)[17], quercetin 3,3’-dimethyl ether (3)[17], quercetin (4)[28], 
isorhamnetin 3-O-glucoside (5)[29], quercetin 3-O-glucoside 
(6)[30], isorhamnetin 3-O-rutinoside (7)[31], quercetin 3-O-
rutinoside (8)[32], isorhamnetin 3-O-(2’’,6’’-di-O-α-L-
rhamnopyranosyl)-β-D-glucopyranoside (Typhaneoside) (9)
[33], isorhamnetin 3-O-(2’’,6’’-di-O-α-L-rhamnopyranosyl)-
β-D-galactopyranoside (10)[34], and four lignans as 
(+)-lyoniresinol 4,4’-bis-O-β-D-glucopyranoside (11)[20], 
(+)-lyoniresinol 4,9’-bis-O-β-D-glucopyranoside (12)[35], 5,5’-
dimethoxylariciresinol 4,4’-bis-O-β-D-glucopyranoside 
(salvadoraside) (13)[36] and syringaresinol diglucoside 
(eleutheroside E) (14)[37]. All physical and spectral data of these 
compounds were in agreement with the respective published 
data. 
   The quantitative estimation of antioxidant activity for isolated 
compounds was carried out using β-carotene bleaching 
and DPPH assay methods. Results from DPPH method (Table 
1) showed that flavonoid free aglycones (1-4) have stronger 
antioxidant activity than flavonoid glycosides which is in 
good consistency with the results obtained from β-carotene 
bleaching method. The strongest antioxidant activity was 
observed with quercetin (4) [IC50=7.4 (DPPH) and 15.1 (β-carotene) 
µmol/L] superior to those of BHT (positive standard) [IC50=16.1 
(DPPH) and 28.7 (β-carotene) µmol/L]. Lignoid glycosides (11-
14) showed weak to moderate activity and maximum activity 
was observed with compound (12) [IC50=94.3 (DPPH) and 178.4 
(β-carotene) µmol/L] compared with those of BHT. 
Table 1
Antioxidant and lipoxygenase inhibition activities for isolated compounds
(1-14).
Compound DPPH β-carotene bleaching lipoxygenase
IC50 (µmol/L) IC50 (µmol/L) IC50 (µmol/L)
1     15.3     36.6      44.7
2     11.6     24.5      23.2
3     42.8     69.3     35.4
4       7.4     15.1      5.6
5    131.3 >200.0 >250.0
6     78.1   104.2   237.6
7   185.8 >200.0 Inactive
8   143.9 >200.0 Inactive
9 >200.0 >200.0 Inactive
10 >200.0 >200.0 Inactive
11   121.7 >200.0    43.3
12     94.3   178.4    48.5
13   167.5 >200.0   136.2
14 >200.0 >200.0   149.1
Luteolin - -      4.3
BHT     16.1     28.7 -
   The enzyme inhibition assay for isolated compounds was 
evaluated on soybean lipoxygenase enzyme. For flavonoids, the 
free aglycones exhibited strong promising activity. The highest 
activity was observed in quercetin (4) with IC50 of 5.6 µmol/L. 
Luteolin was used as a reference. The lignoid glycosides (11-14) 
showed moderate to weak inhibitory action. Compounds (11) and 
(12) showed comparable moderate effect with IC50 of 43.3 and 48.5 
µmol/L respectively.
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4. Discussion
   For the antioxidant effect, it is obvious that antioxidant 
activity of flavonoids is decreased by methylation and/or 
glycosylation at 3 and/or 3’-OH groups. This can be explained 
by understanding the mechanisms for antioxidant activity 
of flavonoids. There are various antioxidant mechanisms for 
flavonoids, one of them is the presence of structural features as 
ortho-dihydroxy groups (usually on B ring), α,β-unsaturated 
carbonyl moiety and α- and/or β-hydroxyketone groups, which 
are responsible for chelating properties or enhancement of the 
radical stabilization after the initial oxidation steps[38]. The 
lack of a catechol moiety on B ring and a free hydroxyl group 
at C-3 in flavonoid glycosides may account for its low ability as 
antioxidant. For lignans, the antioxidant activity is improved by 
the presence of phenolic hydroxyl groups.
   For the lipoxygenase inhibitory effect, the activity was 
dramatically suppressed by introducing sugars to 3-OH as 
seen in flavonoid glycosides (5-10). This latter effect was 
plausible from the higher hydrophilicity of the glycoside which 
is expected to give rise to a lower affinity towards the lipophilic 
active site of lipoxygenase. These results are in good agreement 
with the previously published data[39] dealing with structural 
activity relationship of flavonoids to inhibit 15-lipoxygenases 
which confirmed that introduction of sugar moiety to flavonoid 
aglycone diminish its lipoxygenase inhibition activity. In the 
other words, increasing the hydrophilicity of flavonoids by 
introducing sugars decreases their antioxidant and lipoxygenase 
inhibition activities. Lignans exhibited moderate to weak 
inhibitory action and more studies are required to investigate 
their structural activity relationship.  
   Lipoxygenase is involved in arachidonic acid metabolism, 
generating various biologically active leukotrienes that play 
important role in inflammation. Therefore, lipoxygenase are 
potential target for the rational drug design and discovery of 
mechanism-based inhibitors for the treatment of variety of 
disorders such as bronchial asthma, inflammation, cancer and 
autoimmune diseases[40].
   In conclusion, 14 compounds, including 10 flavonoids and 4 
lignans, were isolated from S. chinensis, in which 12 of them 
(1, 4-14) were recorded for the first time. The antioxidant 
and lipoxygenase-inhibiting activities were assessed for 
isolated compounds. Flavonoids free aglycones (1-4) showed 
strong antioxidant and lipoxygenase-inhibiting activities. 
The presence of a sugar moiety in the flavonoid appears to 
dramatically depress the antioxidant and lipoxygenase-
inhibiting activity. Lignans showed variable moderate to weak 
antioxidant and lipoxygenase-inhibiting activities and the 
highest activity was observed with compounds 11 and 12 with 
comparable values.  
   This paper is considered to be the first report that highlights 
deeply on the phenolic content of jojoba and their biological 
activities. Most of previous work was focusing on its seed oil 
and neglecting other constituents. In this report, we mentioned 
the importance of this plant as a good source of phenolics 
in particular the flavonoid content. These data may change 
the view of research concerning this plant and also help 
pharmaceutical industry as well as folk medication practitioners 
who use this plant as a source of curing diseases.
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